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One of the major problems fac ing  t h e  e l e c t r i c  power genera t ing  indus t ry  is 
t h e  ever  increas ing  demand f o r  energy coupled wi th  a r e a l  and vociferous 
publ ic  demand f o r  reduced p o l l u t i o n  levels. A p a r t i a l  s o l u t i o n  t o  t h i s  dilemma 
could l i e  i n  t h e  redemption of w a s t e  c o a l  p i l e s  (gob o r  culm banks) which 
would result in t h e  product ion of needed energy whi le  reducing t h e  ecologic  and 
a e s t h e t i c  problem t h e s e  banks c u r r e n t l y  represent .  
based upon banks p r e s e n t  i n  t h e  Monongahela River Drainage Basin in Southwestern 
Pennsylvania, Northern West Virginia  and p a r t s  of Maryland, t h e  conclusions to  
be drawn w i l l  b e  a p p l i c a b l e  wi th  minor modif icat ions t o  o t h e r  c o a l  mining areas  
of t h e  U. S. 

Although t h i s  s tudy was 

A waste c o a l  p i l e  o r  culm bank is heterogeneous r a t h e r  than homogeneous 
i n  composition and v a r i a t i o n  w i l l  occur, both h o r i z o n t a l l y  and v e r t i c a l l y .  
Culm bank materials i n  t h e  Monongahela Basin w i l l  genera l ly  c o n s i s t  of coa l ,  
s h a l e ,  bone c o a l ,  s u l f a t e s ,  carbonates and p y r i t e  (FeS2) o r  marcasi te  (Pes,), 
I n  a d d i t i o n ,  s l a g  materials may b e  present  i f  combustion of por t ions  of the  bank 
hea  n*P-?reA- 
f a c t o r s  as t h e  market f o r  which t h e  c o a l  was cleaned and t h e  methods of c leaning,  
the e f f i c i e n c y  of  t h e  c leaning  process ,  t h e  mining methods and systems employed 
and such n a t u r a l  f a c t o r s  as t h e  q u a l i t y  of t h e  c o a l  seam. I n  o r d e r  t o  i l l u s t r a t e  
the  e f f e c t s  of t h e  many v a r i a b l e s  upon t h e  composition of t h e  materials being 
placed on a culm bank, a hypothe t ica l  h i s t o r y  of an imaginary culm bank is 
included. 
can be seen in e x i s t i n g  banks. Figure 1 has  been prepared t o  show t h e  major 
markets f o r  bituminous c o a l  from 1917 t o  1956. The h i s t o r y  of a mine in its 
c leaning  f a c i l i t y  and i ts  r e s u l t a n t  culm bank could t h e r e f o r e  b e  as follows: 

T1-.= =zk:L-.-z ;;;;.~.t.i ; Z  soc;. G ; V i i a L i L u t m c  wiii be aependent upon such 

While no such bank may a c t u a l l y  have been formed, many of i t s  fea tures  

1917--A coal  mine is opened and a picking and screening f a c i l i t y  is 
constructed t o  h e l p  supply an e x i s t i n g  market f o r  m e t a l l u r g i c a l  and r a i l r o a d  
locomotive f u e l  and f o r  f u e l  f o r  i n d u s t r i a l  and commercial h e a t i n g  p l a n t s  as 
w e l l  as f o r  household furnaces .  Mining is not  ye t  mechanized t o  any e x t e n t ,  
and waste mater ia l  from t h e  p ick ing  and screening f a c i l i t y  conta ins  mainly 
hand picked p ieces  of rock  and coaly m a t e r i a l  a long wi th  t h e  undersize mater ia l  
f o r  which no s teady  market e x i s t s .  
and i s  mixed with the  waste rejects and discarded. 
dumping, t h e  s o f t e r ,  more f r i a b l e  materials tend t o  b e  concentrated in t h e  
i n t e r i o r  of t h e  p i l e  w h i l e  t h e  harder ,h igher  ash ,  hand s o r t e d  materials acc- 
umulate a long t h e  edges.  

"his f i n e  material is predominately coal 
Due t o  t h e  method o f  

1920--Coal product ion and coa l  sales a r e  dro??inz. I?? nr&r C-5 z = t = k  
markets, g rea te r  s e l e c t i v i t y  in mining is employed and t h e  prepara t ion  f a c i l i t y  
is enlarged and improved t o  produce a h igher  q u a l i t y  coal .  
p ickers  a r e  h i r e d  and more r igorous  s o r t i n g  and s i z i n g  are i n i t i a t e d .  The ash 
and t h e  s u l f u r  conten t  o f  t h e  coal being marketed are s u c e s s f u l l y  reduced, and 
more f i n e  coa l  is being deposi ted on t h e  p i l e .  

Addit ional  

1923--A new market f o r  in te rmedia te  q u a l i t y  c o a l  develops wi th  t h e  
cons t ruc t ion  of an  e l e c t r i c  power generat ing s t a t i o n  nearby. 
gas and o i l  a r e  beginning t o  rep lace  lump c o a l  as t h e  common f u e l  f o r  comm- 
ercial b o i l e r s  and household furnaces .  
t h e  waste mater ia l  being p laced  on t h e  p i l e  cont inues t o  be high in f i n e  coa l  
content .  Due t o  t h e  need t o  remain competi t ive.  some machinery is introduced 
i n t o  t h e  mine with the  r e s u l t  t h a t  less prel iminary cleaning and  s e l e c t i o n  
occurs  during mining. 
m a t e r i a l s  a r e  handled a t  t h e  prepara t ion  f a c i l i t y  and more m a t e r i a l  having high 
ash and s u l f u r  conten t  is discarded  t o  t h e  p i l e .  

I n  a d d i t i o n ,  

A buyers  market s t i l l  exists and 

Consequently, more rock,  f i n e s ,  and o t h e r  d i l u t a n t  
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1925--The demand f o r  high q u a l i t y  me ta l lu rg ica l  and in t e rmed ia t e  q u a l i t y  
power p l a n t  f u e l  continues t o  increase.  Concentrating u n i t s  are added t o  t h e  
screening and picking f a c i l i t y .  The waste materials reaching t h e  bank now 
contain less f u e l  values  and are r e l a t i v e l y  h ighe r  i n  rock and ash cons t i t uen t s  
than during any previous per iod.  

1929--A major dec l ine  i n  the n a t i o n a l  economy beg ins  and w i l l  continue f o r  
several yea r s .  In  order  t o  sell coa l  i n  a dec l in ing  market,  r igorous p repa ra t ion  
is p r a c t i c e d ,  thereby maintaining competit iveness in a s e r i o u s l y  oversupplied 
market. Although growth o f  t h e  culm bank is l i m i t e d ,  a r e l a t i v e l y  l a r g e  amount 
o f  coa l  f i n e s  improve t h e  f u e l  value.  

1933--The marketing s i t u a t i o n  f o r  coa l  is unstable ,  b u t  t h e  t r end  appears 
t o  be upwards. Additional mechanization takes  p l a c e  i n  t h e  mine with t h e  
r e s u l t  t h a t  f l u c t u a t i n g  tonnages of high ash and high f u e l  va lue  material are 
i n t e r m i t t a n t l y  being placed on t h e  culm bank. 

1940--World War I1 is approaching, and inc reas ing  i n d u s t r i l i z a t i o n  is 
c rea t ing  a demand f o r  a l l  forms of energy. A se l le r ' s  market e x i s t s  and 
be fo re  it peaks i n  1943, many e x i s t i n g  culm banks will b e  s p o t  loaded to 
recover pockets con ta in ing  high f u e l  value materials. IIaterial e n t e r i n g  the  
culm bank is high i n  ash and moderate i n  s u l f u r  and because of spontaneous 
combustion and the  mining o f  t h e  r i c h e r  pockets  t he  bank is becoming inc reas ing ly  
d e f i c i e n t  i n  f u e l  value.  

1945--The advent of t he  d i e s e l  engine signals the  beginning o f  t he  end of 
t he  r a i l r o a d  locomotive market. Also, o the r  domestic markets are decl ining.  
Pa re r  s t a t i o n s  and me ta l lu rg ica l  coking ovens are the  only growth markets f o r  
coa l .  
f a c i l i t y  and a high a s h ,  high s u l f u r  and moderate f u e l  value material is placed 
on t h e  culm bank. 

Hore advanced cleaning and mining methods cont inue t o  b e  i n s t a l l e d  a t  t h e  

1950--The power s t a t i o n  is modernized and pulver ized f u e l  b o i l e r s  a r e  
i n s t a l l e d ;  moreover, i nc reas ing  tonnages of c l e a n ,  high q u a l i t y  me ta l lu rg ica l  
coa l  are produced and marketed. More mechanical equipment is introduced i n t o  
t h e  mine. A t  t h e  p l a n t ,  c rushe r s  are i n s t a l l e d  and t h e  c l ean ing  process is made 
more e f f i c i e n t .  A s  a r e s u l t  of t he  demands f o r  a high q u a l i t y  me ta l lu rg ica l  
product a n d  t h e  wi l l i ngness  of t h e  power s t a t i o n  t o  accept a lower cost middling 
q u a l i t y  f u e l ,  t h e  waste material being p l ace  on t h e  bank is very l e a n  i n  f u e l  values 
and h a s  a high ash and s u l f u r  content .  

1969--Increasing s a f e t y  l e g i s l a t i o n  causes more water t o  b e  used i n  t h e  
mine and more d i l u e n t  material t o  b e  removed. The ash o r  mineral  content  of 
t he  coa l  en te r ing  t h e  c l ean ing  p l a n t  cont inues t o  inc rease .  Much more ma te r i a l  
e n t e r s  t h e  culm bank o f  high ash content  and low t o  to  moderate f u e l  value.  
Older s e c t i o n s  of t h e  bank are being mined t o  recover  p rev ious ly  discarded 
f u e l  values  as a r e s u l t  of a sel ler ' s  market. 

1972--A major change occurs  as a r e s u l t  o f  a i r  p o l l u t i o n  c o n t r o l  l e g i s l a t i o n .  
Coal is now being s o l d  t o  u t i l i t i e s  on the  b a s i s  o f  s u l f u r  content  r a t h e r  than 
on t h e  t r a d i t i o n a l  BTU value.  In  o rde r  t o  meet t h e  new requirements ,  new and more 
c o s t l y  methods of concentrat ion are employed and l a r g e  tonnages of medium ash ,  
high s u l f u r  and high f u e l  value material are be ing  placed on t h e  bank. 
add i t ion ,  more of t he  o l d e r  po r t ions  o f  t h e  p i l e  are be ing  mined f o r  t h e  moderate 
ash ,  moderate s u l f u r  f u e l  values  placed t h e r e  previously.  
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While t h i s  h i s t o r y  is of n e c e s s i t y  b r i e f  and overly s i m p l i f i e d  and 
such a culm bank is pure ly  hypothe t ica l ,  i t  can serve  t o  i l l u s t r a t e  some 
of  t h e  complex i n t e r - a c t i n g  f a c t o r s  which determine t h e  composition of the 
m a t e r i a l  p resent  a t  any s p e c i f i c  l o c a t i o n  wi th in  t h e  p i l e .  It  can a l s o  serve  
t o  i l l u s t r a t e  t h e  extreme c a r e  which must be taken t o  obtain representa t ive  s a m p l e s  
f o r  t h e  p i l e .  
be based on a combination of sample d a t a  and a knowledge of t h e  bank's h i s t o r y .  

'Ihe d e c i s i o n  t o  reclaim f u e l  values  from a p a r t i c u l a r  bank should 

Older p i l e s ,  formed using simple dumping methods, w i l l  o f t e n  have a p r o f i l e  
Such a p i l e  w i l l  have general  d i s t r i b u t i o n a l  similar to  t h a t  shown i n  f i g u r e  2. 

zones which w i l l  r e f l e c t  the  d i f f e r e n t  coa l  assoc ia ted  s t r a t a  which were be ing  
mined. Assuming t h a t  t h e  c o a l  m a t e r i a l s  are r e l a t i v e l y  s o f t e r  than t h e  ass- 
oc ia ted  rock m a t e r i a l ,  t h e  coa l  would degrade more rap id ly  and t h e  r e s u l t i n g  f i n e r  
p a r t i c l e s  would tend t o  migrate  towards t h e  c e n t e r  of t h e  p i l e  (zone A ) .  
This c o a l  mater ia l  w i l l  genera l ly  b e  r e l a t i v e l y  low i n  moisture and ash and 
high i n  Btu value.  The material a t  t h e  o u t e r  edge of t h e  p i l e  w i l l  general ly  b e  
l a r g e r  i n  s i z e  and w i l l  b e  more prone t o  combustion r e s u l t i n g  i n  burnt  out  
pockets of s l a g  m a t e r i a l .  

llore recent  p i l e s ,  i n  which t h e  waste was l a i d  down i n  l a y e r s  and then 
Lvlllpcl~kL w i i i  Lend co nave nor izonta l  pockets  o f  r e l a t i v e l y  r i c h  c o a l  mater ia l  
a l t e r n a t i n g  with l a y e r s  of high a s h ,  high rock content .  

Affects  Upon Power P l a n t  Operations 

I t  has  long  been known t h a t  mater ia l s  with very low hea t ing  values  can 
Coal r e f u s e  crushed t o  one-quarter i n c h  s i z e  and wi th  as l i t t l e  be burned. 

a s  3,000 t o  3,500 B t u  h e a t i n g  va lue  has been burned i n  t h e  Off ice  of Coal 
Research p i l o t  s c a l e  f luid-bed column designed and operated by Pope, Evans 
and Robb1ns.l Coal waste  wi th  as l i t t l e  as 5,000 B t u  hea t ing  value can be 
burned i n  s p e c i a l l y  designed,  conventional b o i l e r s  provided t h a t  t h e  wastes 
are f r i a b l e  enough t o  permit  economical gr inding  t o  a f i n e  s i z e . 2  Boi le rs  
designed t o  burn c o a l  waste must b e  equipped wi th  overs ize  ash handing 
c a p a b i l i t y  s i n c e  approximately one-half o r  more of  t h e  coa l  wastes fed t o  t h e  
b o i l e r  would remain as ash  and would therefore  have t o  be continuously removed. 

The d i r e c t  burning of l e a n  gob p i l e s  t o  produce power is w e l l  e s t a b l i s h e d  
from experience i n  France where a n t h r a c i t e  waste banks have been used up as  a 
source of  f u e l  dur ing  t h e  p a s t  twenty-five y e a r s . 3  
t h e  Ignaf lu id  b o i l e r  which b u m s  coa l  r e f u s e  crushed t o  approximately 1 / 4  inch .  
Refuse wi th  a dry ash conten t  a s  high a s  40 percent  and hea t  content  a s  low as 
7,500 B t u ' s  was found t o  provide a s a t i s f a c t o r y  f u e l .  Moreover, i t  is  p r e f e r a b l e  
t h a t  r e f u s e  fed to  an I g n a f l u i d  i n s t a l l a t i o n  should contain between 15 t o  20 per-  
cent  v o l a t i l e  m i t t e r ,  less ther? 5 p ~ r c c a t  s ~ l f i i r  &id kava ash w i t h  a fusion temp- 
e r a t u r e  ranging from 2,000 t o  2,6000'F. 

Combustion was achieved using 

l p r i v a t e  communication wi th  John Bishop, Pope, Evans and Robbins , Alexandria, 

2Pr iva te  communication wi th  Combustion Engineering Company, Windsor, Connecticut. 
% r i v a t e  communication wi th  Paul  A. Mulcey , Consulting Engineer, Dal las ,  Pa. 

Virginia .  
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Most p re sen t  coa l  burning power p l a n t s  ope ra t e  wi th  coa l  having f u e l  
values  ranging between 10,000 and 12.000 Btu p e r  pound and w i t h  ash con ten t s  
ranging up t o  approximately 30 percent .  The r e fuse  from most banks can b e  
mixed d i r e c t l y  with coa l  provided t h a t  t h e  hea t ing  value and ash content  of 
t he  mixed product meets t h e  Btu design l e v e l  of t h e  b o i l e r  f o r  which t h e  f u e l  
is intended. 

Economic U t i l i z a t i o n  Potent* 

The attached t a b l e  is included t o  provide preliminary information about t h e  
s i z e  and composition of some randomly s e l e c t e d  r e fuse  banks i n  t h e  Monongahela 
River Drainage Basin. 

Test increments f o r  banks of  var ious s i z e s  a r e  reported i n  the  t a b l e  under 
composition on an as received b a s i s .  Composition includes v o l a t i l e  matter, 
f ixed carbon, a sh ,  s u l f u r  and Btu va lues .  Because an extensive and long term 
sampling program would be required t o  e s t a b l i s h  the  composition of a l l  banks i n  
t h e  area, no conclusions are o f fe red  concerning the  q u a l i t y  o f  t h e  t o t a l  deposi t .  
Nevertheless,  i t  is i n t e r e s t i n g  to no te  t h a t  8 of t he  2 0  increments contain a vol- 
a t i l e  matter content  o f  g r e a t e r  than 1 9  pe rcen t  while 1 4  of t h e  20 increments 
contain heat ing values  g r e a t e r  than 3,500 Btu wi th  the  r e s u l t  t h a t  nea r ly  75 
percent  of t h e  bank increments meet a t  least one of these  gene ra l ly  favorable  
c i i a r ac t e r i s t i c s .  Had t hese  increments been bene f i ca t ed ,  t he re  is  l i t t l e  doubt 
t h a t  considerably more than 75 percent  would y i e l d  a product w i t h  3 , 5 0 0  Btu 
and/or 1 9  percent  v o l a t i l e  matter on an as received b a s i s .  

While t h e  preceding estimates provide a measure of the  r e l a t i v e  number of 
bank increments t h a t  might b e  u t i l i z e d  i n  new or s p e c i a l l y  desingned b o i l e r s ,  
i t  is  equal ly  important t o  no te  t h e  r e l a t i v e  number of bank increments  t ha t  
might q u a l i f y  f o r  u t i l i z a t i o n  as a f u e l  for  t h e  already commercially 
a v a i l a b l e  Ignaf h i d  process .  
t o  r ead i ly  q u a l i f y  as an Igna f lu id  f u e l  and, with some bene f i ca t ion ,  as many as 
14 ou t  of 20 bank increments might b e  beneficated t o  meet s p e c i f i c a t i o n s .  

Hence, 3 ou t  of 20 bank increments would appear 

F ina l ly ,  i t  would appear t h a t  t h e  same raw and/or bene f i ca t ed  14  o u t  of 
20 bank increments could b e  used i n  blends wi th  h ighe r  grade c o a l  f o r  u t i l i z a t i o n  
i n  e x i s t i n g  power s t a t i o n s .  

The preceding information s t r o n g l y  i n f e r s  t h a t  a high percentage o f  coa l  
r e fuse  banks i n  t h e  Xonongahela drainage bas in  could b e  burned i n  new, mod- 
i f i e d  or e x i s t i n g  combustion processes  t o  produce use fu l  power wi th  t h e  
simultaneous b e n e f i t  o f  convert ing ‘unsightly p i l e s  of r e fuse  t o  g r e a t l y  reduced 
q u a n t i t i e s  o f  more r e a d i l y  u t i l i z e d  ash.  
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Figure 2 - PROFILE OF TYPICAL APPALACHIAN GOB PILE 
FORMED BY DUMPING RATHER THAN SPREADING 
AND COMPACTION. 

238 


